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© Expression of superoxide dismutase in eukaryotic cells. 

@ The invention concerns the production of superoxide dis- 
mutase (SOD) by eucaryotic cells derived from multicellular 
organisms which are capable of expressing a DNA sequence 
encoding for superoxide dismutase and producing the super- 
oxide dismutase or analogs thereof. 

A specific embodiment of the invention includes a 
human HeLa cell or mouse L cell containing either the 
pmSV2-S0D-Neo ptasmid or the pHG-SOD-SV-Neo plasmid. 
The pmSV2-SOD-Neo plasmid contains a DNA sequence en- 
coding for superoxide dismutase joined to the SV40 early 
promoter. The pHG-SOD-SV-Neo plasmid contains a DNA 
sequence encoding for superoxide dismutase controlled by 
the native regulatory elements of human genomic Cu-Zn 
SOD. Such cells are capable of expressing the sequence en- 
coding the superoxide dismutase and of producing the super- 
oxide dismutase or an analog thereof. 

The invention also concerns methods of producing the 
superoxide dismutase by growing the cells of the invention 
and recovering the superoxide dismutase product. 
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Expression of superoxide dismutase in eukaryotic cells. 

© The invention concerns the production of superoxide dis- 
mutase (SODI by eucaryotic cells derived from multicellular 
organisms which are capable of expressing a DNA sequence 
encoding for superoxide dismutase and producing the super- 
oxide dismutase or analogs thereof. 

Aspecific embodiment of the invention includes a human 
HeLa cell or mouse L cell containing either the pmSV2-SOD- 
Neo plasmid or the pHG-SOD-SV-Neo plasmid. The pmSV2- 
SOD-Neo plasmid contains a DNA sequence encoding for 
superoxide dismutase joined to the SV40 early promoter. The 
pHG-SOD-SV-Neo plasmid contains a DNA sequence encod- 
ing for superoxide dismutase controlled by the native regula- 
tory elements of human genomic Cu-2n SOD. Such cells are 
capable of expressing the sequence encoding the superoxide 
dismutase and of producing the superoxide dismutase or an 
analog thereof. 

The invention also concerns methods of producing the 
superoxide dismutase by growing the cells of the invention 
and recovering the superoxide dismutase product. 
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EXPRESSION OP SUPEROXIDE DISKOTASE 
IN EDKARYOTIC CELLS 



5 Background of the Invention 

Throughout this application, various publications are 
referenced by numbers within parentheses. Full cita- 
tions .for these publications may be found at the end of 
10 the specification immediately preceding the claims. 
The disclosure of these publications in their entire- 
ties are hereby incorporated by reference into this 
application in order to more fully describe the state 
of the art to which this invention pertains. 

1 5 

Superoxide dismutase (superoxide : superoxide oxidore- 
ductase, EC 1.15,1.1) is the enzyme that .catalyzes- the 
removal of superoxide radicals, which are generated in 
a variety of biological oxidations (23). It provides a 

20 defense against oxygen toxicity and damage that may be 
caused to cells by carcinogenic hydrocarbons (23). The 
human Cu-Zn superoxide dismutase (SOD-1) is a dimeric 
protein composed of apparently identical noncovalently 
linked subunits, each with a molecular weight of 

25 16,000-19,000 (24,25). The locus for human cytoplasmic 
superoxide dismutase (SOD-l) was assigned to chromosome 
21 (26). 

About 1- in 600 newborn babies carries an extra chromo- 
3Q some 21, a condition technically known as trisomy 21 or 
Down Syndrome (27,28). This chromosome imbalance is a 
known cause of spontaneous abortion and mental, retarda^ 
tion (27). In most cases, the patients with Down Syn- 
drome have karyotypes with 47 chromosomes (46 plus one 
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additional 21) . However, cases of Down Syndrome in 
which only a portion of chromosome 21 is present in 
triplicate have enabled the localization of the "re- 
sponsible" region to segment 21q22, the distal portion 
of the long arm (29-33) . Although trisomy 21 was iden- 
tified as a human genetic disease over 20 years ago 
(27), little is known about the mechanisms by which the 
extra chromosome or. the extra chromosomal segment 21q22 
results in reduced viability and abnormeai ties of mor- 
phogenesis and mental function. It is generally as- 
sumed that the extra chromosome or chromosomal segment 
codes for normal products and that the abnormalities 
found in Down Syndrome are produced by an imbalance due 
to changes in gene dosage (34) Namely, the presence 
of additionea genetic material in the cell-will, result 
in the production of commensurately increased cimounts 
of the . gene products, coded by the extra chromosomal 
segment. Indeed, Down Syndrome patients show an in- 
crease- of about 50% in SOD-1 activity (35-37) due to a 
higher- level of SOD-1 protein (38) . However, it is not 
known whether this gene dosage phenomenon, is a result 
of .quantitative; changes in the amount of -SOD-1 mRNA. 

In* the past, most, of the reports on Down Syndrome in-r 
volved ffiuaily karyotyping and clinical studies of the 
effects of the disease on patients.. It is only recent- 
ly,, that recombinant DNA techniques have enabled one to 
appproach the molecular biology of the chromosomal 
region involved and try to gain insight into the mecha- 
nism, by which abnormal karyotypes result in abnormal 
phenotype... : - . 

Superoxide, dismutase is also of considerable - interest 
because of' its pharmacological properties. Bovine- 
derived, naturally-occurring superoxide dismutase (or- 
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gotein) has been recognized to possess anti-inflammato- 
ry properties and is currently marketed in certain 
European countries, e.g.. West Germany, for use in the 
treatment of inflammation. It is also sold in a number 
of countries including the United States as a veteri- 
5 nary product for treating inflammation, particularly 
for treating inflamed tendons in horses. 

Additionally, the scientific literature suggests that 
SOD may be useful in a wide range of clinical applioa- 

10 tions. These include prevention of oncogenesis and 
tumor promotion and reduction of cytotoxic and cardio- 
toxic effects of anti-cancer drugs (Oberley, L.W. and 
Buettner, G.R. , Cancer Research 2i, 1141-1149 (1979)); 
protection of ischemic tissues (McCord, J.M. and Roy, 

15 R. S. , Can.. J. Physiol. Pharma. fiJJ., 1346-1352. (1982)), 
and protection of spermatozoa (Alvarez, J.G. and 
Storey, B.T., Biol. Reprod. 25., 1129-1136 (1983)). In 
addition, there is a great interest in studying the 
effect of SOD' on the aging process CTalmasoff, J.M., 

20 Ono, T. and Cutler, R.G., Proc. Natl. Acad. Sci. USA 
21, 2777-2782 (1980)). 

The present invention is directed to the expression of 
DNA encoding superoxide dismutase in eucaryotic cells 
25 derived from multicellular organisms, the production of:^^;^i 
superoxide dismutase by such eucaryotic cells, and^i.^ 
superoxide dismutase or analogs thereof so produced. -o^v 



30 The gene encoding human cytoplasmic superoxide^^g 
dismutase has been -cloned and a cDNA prepared. i-a^:Se el 
Lieman-Hurwitz, et al,, Proc. Natl. Acad. Sci. DSA-r25:>^ 
2808-2811 (1982). The complete sequence of. the cloned^g 
DNA also has been determined. See Proc. Natl. Acad. 
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Sci. USA 30., 5465-5469 (1983).. See also pending 
coassigned U.S» application Serial No, 489,786 filed 
April 29, 1983. 

Moreover, the expression of DNA encoding superoxide 
dismutase in bacterial , hosts, and the production .. and 
recovery of superoxide dismutase^ produced by such 
bacteria has also been achieved. See European Patent 
Publication No.. 0131843 Al, published January 23, 1985, 
corresponding to European Patent Application. No, 
84107717.5 filed July 3, 1984, which claims priority- of 
U.S. serial No. 514,188 filed July 15, 1983. 

European/ Patent Publication • 0138111 . Al of European 
Patent Application. No. "84111416.8 filed: September:: 25, 
5 1984, and' claimingrpriocity of U, Si . Serial,: No. 538>.60.7' 
filed October 3, 1983, and U.S. Serial No. 609,412 
filed May IT, 1984, discloses the : expression of a 
superoxide oxide dismutase gene and the production of 
SOD in yeast, a- eucaryotic- unicellular, microorganism, 
o: See also EMBO Journal., Vol. 4, No. 1, pp, 77-84 
{January 1985) which is directed to characterizing the 
SOD-1 gene locus on human chromosome 21. 

5 However,- \there iS' no disclosure , in: the: .pr ior: art 
concerning the expression of DNA, . sequence^ encoding 
superoxide • dismutase - in genetically engineered 
eucaryotic cells of multicellular organisms, and 
production of SOD by such cells. 
30 ' ' ' . • ' 

- The herbicide par aquat; .{1 , 1* -dimethyl-4 , 4 ' -bipyridinium 
. dichlor.ide ).-^ is known .to^ increase , the,. ..production of 
superoxide radicals (0^) It was reported that' para- 
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quat stimulates SOD activity in £^ gol j (8) and caused 
lipid peroxidation in mouse lung microsomes (9). The 
present invention also is directed to SOD DNA express- 
ing cells which are paraquat resistant cells. 

5 Under certain conditions, elevated expression of SOD 
might be toxic to the cells producing it. During oxi- 
dative metabolism, unstable oxygen radicals are formed 
both spontaneously and as a result of enzymatic activ- 
ity of oxidative enzymes (17 and 18). Radicals are 

10 characterized by a single electron in the outer shell, 
explaining their high reactivity (18). Cu/Zn- 
Superoxide dismutase (SOD-l) is a protective enzyme re- 
sponsible for maintaining lower levels of superoxide 
radicals within the cell, by catalyzing the interaction 

15 of two free radicals in such a way that one is reduced 
and the other oxidized, the dismutation reaction, re- 
sulting in formation of H2O2 (19) • 

The superoxide radical {Q^) is not particularly toxic. 
20 The danger stems from its ability to interact with ^2^2 
to generate singlet oxygen {^O^) and hydroxy radicals 
(HO'); both are extremely . active and highly cytotoxic 
forms of oxygen (18). 

25 Increased SOD-l activity could lead to an increased 
production of ^2^2' accumulation of peroxides in 

the cell might exert toxic effects by increased forma- 
tion of singlet oxygen (^02) and hydroxy radicals (HO*) 
which can react directly with polyunsaturated fatty 

30 acids to form hydroperoxides. Also, the arachidonic 
acid cascade, leading to the biosynthesis of prosta- 
glandins and involving cooxidation of unsaturated fatty 
acids, is modulated by, . the intracellular oxidative 
environment. Therefore, higher SOD-l activity may 

35 
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cause an increase in lipoperoxidation and a decrease in 
unsaturated fatty acid content of cell membranes which 
may cause abnormalities of membrane, functions (18 and 
20). 

5 Therefore, to obtain a cell line which could produce 
high levels of SOD-1 but which does not have this tox- 
icity problem would be highly advantageous. 

The present invention is also directed to cells in 
10 which the expression* of DNA encoding, superoxide 
dismutase and production of the superoxide dismutase 
can, be regulated so that high levels of SOD are pro- 
duced without causing damage to the cells. 

15 Recently, inhibition of thymidine kinase gene 
expression in mouse L-cells by microinjection of anti- 
sense RNA was reported (12). In prokaryotes, 
translational inhibition by complementary RNA tran- 
script was shown to regulate * the expression of the 

20 ompF gene in ^sll (12) and an anti-mRNA produced by 
a plasmid dramatically inhibited (98%) the synthesis 
of ;3-galactosides (14). 

A particular aspect of the present invention concerns 
25 cells in which controlled expression of the SOD gene 
' g^j^^ production of SOD is achieved by anti-sense SOD 
raRNA. 
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finTTTTTiarY of the Invention 

A eucaryotic cell of a multicellular organism in which 
a DNA sequence encoding superoxide dismutase (SOD) is 
expressed has been invented. in a preferred 

embodiment of the invention, this cell has been 
transformed with a plasmid comprising a- DNA sequence 
encoding superoxide. The sequence encoding for 

superoxide dismutase can be present in a cell in multi- 
ple CO pi e s • 

Preferably, the DNA sequence encoding superoxide 
dismutase encodes human Cu-Zn superoxide dismutase 
(SOD-1) . Examples of DNA sequences encoding Cu-Zn 
human superoxide dismutase include the cDNA of Cu-Zn 
human superoxide dismutase and genomic DNA containing 
the Cu-Zn human superoxide dismutase gene. More pref- 
erably, the eucaryotic cell of this invention is trans- 
formed with a plasmid which contains a cDNA sequence 
encoding for human Cu-Zn superoxide dismutase joined to 
the SV40 early promoter such as the pmSV2-S0D-Neo plas- 
mid, or a plasmid which contains human genomic DNA 
encoding for human Cu-Zn superoxide dismutase and regu- 
lated by the native regulatory elements of that gene, 
such as the plasmid pHG-SOD-SV-Neo. The plasmid pmSV2- 
SOD-Neo has the restriction map shown in FIG. 1 and the 
plasmid pHG-SOD-SV-Neo has the restriction map shown in 
FIG. 2. Such cells are capable of expressing the DNA 
sequence encoding the superoxide dismutase and produc- 
ing superoxide dismutase or an analog thereof. 

In a preferred embodiment of the invention, the cell is 
derived from a mammal and is preferably a human HeLa 
cell or a mouse L cell. In another preferred 
embodiment of the invention, the cell is derived from 
a plant. 
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The invention also concerns clones of the cells pro- 
duced in accordance with the methods of the invention 
and cell lines produced from these cells. 

Another aspect of this invention- is the production of 
superoxide dismutase or an analog thereof by growing 
the cells of this invention in a suitable medium under 
suitable conditions permitting production ' of the 
superoxide dismutase or analog thereof and recovering 
the resulting superoxide dismutase or analog thereof. 
The invention also concerns the superoxide dismutase or 
analog thereof produced by the methods of this inven- 
tion, preferably those having the activity of natu- 
rally occurring superoxide^ dismutase, as- well as compo- 
sitions- containing the same. 

The invention is also directed to a cell, especially a 
eucaryotic cell, in which a DNA sequence encoding 
superoxide dismutase is expressed and which is resis- ^' f 

tant to paraquat. I 



-If 



Eucaryotic* cells in which a DNA sequence encoding- 
super oxide* is prograinably expressed and in which the 
production of SOD can be regulated are also the sub- | 
ject- of this* invention. In a specific embodiment of 
the- invention,* a eucaryotic- cell- is transf orraed-'with a- - 
plasmid containing a- DNA sequence encoding superoxide- 
dismutase joined to an inducible promoter. Preferably, 
the inducible promoter is the mouse mammary tumor virus 
(MMTV) promoter and more preferably, the cell is trans- 
formed with the plasmid pSV-K.cSOD having the restric- g 

30 M: 

tion- map shown in FIG*. 4 . 
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The invention also includes cells in which a DNA se- 
quence encoding anti-sense superoxide dismutase mRNA is 
expressed. Preferably the cell is a eucaryotic cell 
and the DNA sequence encodes anti- sense human Cu-Zn 
5 superoxide dismutase. More preferably the cell has 
been transformed, with the plasmid pmSV-anti-.SOD-gpt 
having the restriction map shown in PIG, 5, The inven- 
tion also includes cells, especiadly eucaryotic cells, 
in which a DNA sequence encoding superoxide dismutase 
10 and a DNA sequence encoding anti- sense superoxide 
di smutase. mRNA are both expressed. 
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Efiaia^j^tia n of t h^ Fiq uees 

SjQ^: structure of plasmid pmSV2-<S0D-Neo, a SOD-1 
cDNA transducing vector. ' 

PBR322DNA is represented by the solid black segment. 
The longer open arc represents the neo gene which di- 
rects expressibn of " an a^ninoglycoside phosphotrans- 
ferase and the shorter open arc represents the SOD-1 
CDNA.. The hatched segment contains the SV40 origin of 
DNA replication and early promoter. 

SJQ^: Structure of plasmid pHG^SOD-SV-Neo, a SOD-1 
genomic DNA transducing vector. 

PBR322 DNA is represented by black cross-hatched seg- 
ments The solid black regions are the e.ons of the 
genomic SOD-1 gene. The open arc represents the neo 
gene which directs expression of an aminoglycoside 
phospnotransterase. The SOD-1 expression in this vec- 
tor is regulated by the native regulatory elements of 
the genomic sOD-1 gene. 

Ptr,. 3: Grains demonstrating how the expression of 
SOD-1 affects paraquat-mediated cytotoxicity. 

" SOD-1 transformed sub-lines were grown in- Dulbecco-s 
modified Eagle's medium supplemented with 10% fetal 
calf serum.. Twenty-four hours before application of 
paraquat, cells were seeded in 9 mm microwells at .4 x 
10* cells/100 w 1/well. Paraquat was applied in trip- 
licate at the concentrations indicated and cells were 
further incubated for 48 hours. Viability of the cells 
was determined by incubation with neutral red for 2 
hours, washing away excess dye, extracting the neutral 
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red that was taken up by the cells with Sorenson's 
citrate buf f er-ethanol mixture and quantitating it 
coloriraetrically at 570 nm with a HicroELISA Autoreader 
(Dynatech, Alexandria, VA). 

5 Chart A shows HeLa cell derived SOD-1 transf ormants : 
B-6 is G418 resistant, SC©-1 negative; A-2, A-11, a-14 
are sub-lines which overexpress various levels of re- 
combinant SOD-1. 



10 Chart B shows mouse L cell derived SOD-1 transf ormants : 
51 is G418 resistant, human SOD-l negative; 60, 73, 
81, 88, 99-3 are sub-lines which overexpress various 
levels of human SOD-1. 



15 



4: Construction of plasraid pSV-M,cSOD. 



The plasmid pMDSG was digested with' Pvull and then 
partially digested with Hindlll. A 2.9 Kb fragment 

20 containing the mouse mammary tumor virus (MMTV) promot- 
er was isolated. The plasmid pm-.SV^2-SOD-Neo shown in 
FIG. 1 was separately digested with PvuII, and then 
. partially digested with Hindlll. A 6 Kb f ragment con- 
taining the SOb-1 and the Neo genes was isolated and 

25 ligated to the 2.9 Kb fragment from.pMDSG to form the 
plasmid pSV-MicSQD which contains the SOD-1 gene regu- 
lated by the MMTV inducible promoter. 



30 FIQ\ — 5: Structure of plasraid pmSV2 Anti-SOD Gpt, a 
plasmid vector for production of "anti-sense" SOD-1. 
mRNA. 
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having the restriction map shown in FIG. 2, is an exam- 
ple of such a pi asm id. 



The eucaryotic cells of this invention may. be any 
eucaryotic celi derived from a multicell ular - organism. 
5 The cell may be derived from a mammal or- a plant. 
Preferred mammalian cells include the human HeLa ,cell 
and the mouse L cell. 

The cells of this invention may also be transformed 
10 with a DNA sequence for a selectable marker, which DNA 
sequence is preferably on the same plasmid or vector as 
the DNA sequence' encoding superoxide dismutase. Anti- 
biotic resistance is a preferred selectable marker, v 
especially resistance to neonr^rcin and/or aminoglycoside . 
15 G-418. . - . 

A cell in which a DNA sequence encoding superoxide ; 
dismutase is expressed at an activity level effective . 
for resistance to the herbicide paraquat is preferred. V 

20 

The invention also concerns clones of the transformed 
eucaryotic ceil and cell lines derived, from these 
cells. / 

25 The invention also concerns superoxide . dismutase or 
analogs thereof , ' especially those having the activity 
of naturally-occurring superoxide dismutase, produced 
by the cells and methods of this invention as well as 
compositions containing the same. 

30. . . . . 

The method for producing superoxide dismutase .of this 
invention comprises growing the cells in a suitable 
medium under suitable conditions permitting production 
of the superoxide dismutase or an analog thereof and 
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recovering the resulting superoxide dismutase or analog 
thereof. 

The invention is also directed to cells in which a DNA 
sequence encoding superoxide dismutase is programably 
expressed, i.e., cells wherein the expression of the 
DNA sequence encoding superoxide dismutase can be regu- 
lated. A specific embodiment of this, invention are 
eucaryotic cells which have been transformed with a 
plasmid containing a DNA sequence encoding superoxide 
dismutase joined to an inducible promoter. Preferably, 
the inducible promoter is mouse mammary tumor virus 
(MKTV) promoter and more preferably the plasmid is psv- 
H.cSOD having the restriction map shown in FIG. 4. 

i5 Another embodiment of this invention is a cell in which 
a DNA sequence encoding anti-sense superoxide dismutase 
mENA is expressed, e.g., a cell which has been trans- 
formed with a plasmid encoding anti-sense superoxide 
dismutase mRNA. The plasmid pnSV2-ant i-SOD-Gpt having 
the restriction map shown in FIG. 5 is an example of 
such a plasmid. Moreover, a cell, preferably a eucary- 
otic cell, in which both a DNA sequence encoding 
superoxide dismutase and a- DNA sequence encoding anti- 
sense superoxide dismutase mRNA are expressed is pre- 
25 ferred. 

Experimental Procedures 

^^ii — culture and selection of transf ormanhg * Human 

30 and mouse L cells were maintained in Dulbecco's modi- 
fied Eagle's medium containing pencillin, streptomycin 
and 5% newborn calf serum. The antibiotic G418 (Gibco, 
USA) was stored in Dulbecco's modified Eagle's medium 
(4 mg/rol) and diluted into culture medium as needed. 
35 ' ' 
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Supercoiled plasmid DNA was introduced into tissue 
culture cells (10 wg for about 5x10^ cells) as a cal- 
cium phosphate precipitate (21, 22) followed by a glyc- 
erol shock after 4 hours. About 48 hours later, the 
cells were trypsinized and replaced at 1:10 dilution. 
Selection for G^^® at 400 pg/ml was instituted 16 hours 
later. 

D ^A-blot hybridization ; DNA was extracted from G418- 
resistant human HeLa cells. 10-20 ug of DNA were di- 

> gested with the ' appr opr iate restriction endonuclease 
and fractionated on a 0.8% agarose gel in TAE buffer 
(40 mM Tris, 20 mM Na acetate, 2 mM.EDTA), containing 
1 pg/ml ethidium bromide. The DNA was denatured and 
transferred to nitrocellulose. Hybridizations with 

3 3 2p.j^j33i3^e^3 pmSV2-Neo DNA were carried out at 42^C in 
50% formamide, 5 x SSC, 5 x Denhardt, 50 mM NaPO^ (pH 
6.5) and 100 jjg/n^ salmon sperm DNA. The filters 

were washed at 50*^C with 0.1 x SSC 0.1% :SDS. 

0 T.abelino. extraction and immunopreci pi ta tion of SOD-1 
from human and mouse cells ; Cultures of 8 x 10^ cells . 
were labeled for 6-7 hours, with 100 c/ml of [^Hj-leu- 
cine (50 Ci/mmole) in leucine-free medium. plates were 
washed twice with cold phosphate buffered solution 

5 (PBS) and cells were lysed with 1.8 ml/plate of freshly 
prepared extraction buffer containing 20 mM NaCl, 1 mM 
MgAc, 1 mH CaCl2/ 0.5% NP-40, 0,1 mg/ml 2-1-tosylaniide- 
2-E^eny 1-ethy Ichloromethyl ketone and 0.2 mg/ml phenyl- 
metbyl-sulfonyl-fluoride. Nuclei were 'removed by cen- 

iO trifugation at 10,000 'xg for 2 minutes and cytoplasmic 
extract saved for immunopreci pi tation. To 200 pi al i- 
quots of extract, 20~ til of rabbit anti SOD-l were added 
and the mixture was made 0.1% with respect to sodium 
dodecyl sulfate (.SDS ) . Incubation was carried out for 
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1 hour at 23°C, followed by the addition of 100 yi of 
a 10% suspension of heat- inactivated, formaldehyde 
fixed Staphylococcus cultures and incubation continued 
at 23*^C for 20 minutes. Bacterial pellets containing 
the adhered immunoglobulin complexes were precipitated 
5 by centrif ugation at 10,000 xg for 5 minutes and washed 
four times in 0.5 to 0.7 ml of buffer containing 20 mM 
Tris-HCl (pH 7.5), 140 mM NaCl, 10 mM EDTA 0,5% NP-40 
and 0\1% SDS. After the final washing the pellets were 
suspended in 50 Ul of electrophoresis sample buffer 

10 (6.2 mM) Tris-HCl " (pH 6.8), 3% SDS, 5% ;g -mer captoetha- 
nol , 10% glycerol) and heated at lOO^C for 5 minutes. 
Samples were centrifuged at 10 ,000 xg for 5 minutes 
and 20 ul of the supernatant analyzed by SES-polyacy 1- 
amide gel electrojiioresi s. Alternatively, the 

15 polypeptide could be labelled with . [^^s] cysteine and 
the same procedures followed. 

Polyacrylamide gel elect ror:horesi s * Labeled immuno- 
precipitates in electrophoresis sample buffer were 
20 heated at lOO^C for 5 minutes prior to electrophoresis 
at 150 V for 2.5 hours in 15% slab SDS polyacrylamide 
gels. Gels were fixed and stained with Coomassie bril- 
liant blue, subjected to fluorograpl^ and autoradio- 
graphed at -80^C using preexposed Agfa Curiz Ri^2 film. 

25 

Qsl — electror^oresis and e nzymatic assay of superoxide 
<?ismutflg^; An extract (NP-40) of 0.5-1.0x10^ cells was 
made, loaded on 10% aery lamide /urea gel and electro- 
30 j^oresis was performed for 3 hours at 15av. Gels and 
running buffer were without SDS and samples were not 
heated prior to electrophoresis. Superoxide dismutdse 
was localized by soaking . the gels in 2.45 x lO'-^M ni- 
troblue tetrazolium for 20 minutes, followed by immer- 

35 
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10 



1 5 



sion for 15 minutes in a solution containing 0.028 
tetramethyl-ethylenedi amine, 2.8 x 10"^M riboflavin and 
0.036M photasium. phosphate at pH 7.8. The gels were 
then placed in glass trays and illuminated for 5 to 15 
minutes. - During, illumination the gels became uniformly 
blue . except at positions containing superoxide 
dismutase (16). ^Illumination was discontinued when 
maximum contrast, between the achromatic zone and the 
generri;.' blue color had been achieved. The gels were 
then photographed. 
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EXAMPLES 

The examples which follow are set forth to aid in un- 
derstanding the invention but are not intended to, and 
should not be construed to, limit its scppe in any way. 
The examples do not include detailed descriptions for 
conventional methods employed in the construction of 
vectors, the insertion of genes encoding polypeptides 
of interest into such vectors or the introduction of 
the resulting plasmids into hosts. Such methods are 
well-known to those of ordinary skill in the art and 
are described in numberous publications including by 
way of example the following: 

T. Maniatis, E.F. Fritsch and J. Sambrook, MQlg<?y l ^C 
rionina- A h^^^m^^^Y Manual, Cold Spring Harbor Labo- 
ratory. New York (1982) • 

w^i-hod5 i r Fnrymoloqy , Vol. 65, "Nucleic Acids (Part 
I),- edited by Lawrence Grossman and Kivie Moldave, 
Academic Press, New York (1980). 

Kn^vmolcqy . Vol. 68 Recombinant . DN A, " 
edited by Ray Wu, Academic Press, New York (1981). 

^rry^^^f^ 1n ^n.vmoloqy. Vol. 100, -Recombinant ENA (Part 

B) ,- edited by Ray Wu, Lawrence Grossman and Kivie 
Moldave, Academic Press, New York (1983). 

Pn.YTnoloqy, Vol. 101, "Recombinant DNA (Part 

C) ,' edited by Ray Wu, Lawrence Grossman and Kivie 
Moldave, Academic Press, New York (1983). 

^. ^ . ^.o Pnnin..rino . 2nd Edition, edited by R.W. Old. 
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Both human HeLa cells . and mouse L cells were: used as 
hosts for the SOD-1 recombinant plasmids. Cells were 
transtected by the. calcium, phosphate precipitation 
method (5) and selected initially for G-418 resistance, 
only those cells that express the bacterial phospho- 
transferase gene ..(neo) survived. 

A number, of ceil .'lines, that express the.. vectbr-derived 
hvinan SOD-1 ■.-wer^.; isolated from, the , G-418 resistant 
transtormants." Among, the HeLa derived sub-lines the A- 
2, A-14 and A-ll' c6ntain about two copies of the plas- 
m'id integrated in their genome. . When assayed for SOD-1 
activity,. it was found that they express 2-3 fold more 
SOD-1 activity. Other HeLa-de rived sub-lines B-6, B-11 
and B-19 were all resistant to G-418 but did not ex- 
press the vector derived SOD-1. 

The mouse L cell derivatives expressing the human SOD- 
1 gene were analyzed by both immunoprecipitation and 
enzymatic activity. Positive sub-lines, like G-60, 
produce elevated levels of human SOD-1 while the nega- 
tive ones, like G-51, did not express human SOD-1. 
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Effects of Paraquat on Cells Genetically Engineered to 
Express SOP 

Cells were treated for 48 hours with different concen- 
trations of paraquat (1 , 1 '-diraethyl-A , 4 ' -bipyri dinium 
dichloride) and the extent of survival was determined 
(FIG. 3A) . The HeLa derived high SOD-1 sub-line A^-ll 
was totally .resistant to paraquat concentrations which 
killed all the cells of the B-6 sub-line (B-6 are G-418 
resistant but express only the native SOD-1) . The A-2 
sub-line which overexpressed SOD-1 to a lesser extent 
than A-li was less resistant to paraquat but not as 
sensitive as B-6. Surprisingly, A-14 which contained 
higher levels of SOD-1 activity than A-11, was less 
resistant (FIG. 3A) . Similar results were obtained 
with mouse L-cell sub-lines (FIG. 3B) . G-51, which is 
G-148 resistant but human SOD-1 negative, was sensi- 
tive to 0.2 and 0.4 mM of paraquat, whereas G-88, a 
high SOD-1 producer, was not affected by these con- 
centrations. Again, G-99/C which possessed higher SOp- 
1 activity than G-88 was less resistant to the drug. 
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Example 4 

Construction of a Plasro id dSV-M-cSOD ContalnlnQ SOD-1 

cDNA 'Onder the Transcriptional Control of the "MMTy 

In<jacjLl?ig PcQiBPter . ^■ 

Under certain conditions, elevated expression of SOD-1 
might be toxic to the cells producing it. To overcome 
the toxicity problem yet at the same time obtaining a 
cell line which could produce high levels of SOD-1, we 
placed the SOD-l. cDNA under the regulation of the mouse 
mammary tumor virus (MMTV) promoter, whose activity 
could be controlled by glucocorticoid hormones ~ (10, 
11) . The plasmid pMDSG containing the dexamethasome-^" 
inducible promoter carried on the long terminal repeat:^ 
of the: MMT7 genome was provided by Gordon Ringold (PIG,) 
4). It was cut with PvuII and Hindlll and ligated to 
the SOD-1 cDNA of the pSV2-SOD-Neo vector {FIG. ' 4) to 
form plasmid pSV-H. cSOD (FIG. 4). - 
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Construct^ion of Plasmid pmSV2 Anti-SOD GPt> an "Anti- 
sense S0D"l-niRNA" Producing Vector 

The vector illustrated in FIG. 5 has been constructed. 

It contains the SOD-1 cDNA in an inverted (3' > 5') 

orientation, and as the selectable marker the bacte- 
rial gene xanthine-guanine phosphoribosyl transferase 
(gpt). Expression of this coil enzyme confers upon 
recipient mammalian cells the capability to utilize 
xanthine as a purine salvage substrate in mycophenolic 
acid-xanthine-HAT selective medium (15). The gpt se- 
lectable marker permits introduction of this plasmid 
into the high SOD-1 producing G-418 resistant cells, 
e.g. A-14 and G-88. 
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WHAT IS CLAIMED IS: 

1. A eucaryotic cell of a multicellular organism in 
which a DNA sequence encoding superoxide dismutase is 
expressed, 

2. A cell according to claim 1, wherein the cell has 
been transformed with a plasmid comprising the ENA 
sequence encoding superoxide dismutase, 

3. A cell according to claim 2, wherein the sequence 
encoding superoxide dismutase is present in multiple 
copies. 

4. A cell according to claim 2, wherein the DNA se- 
quence encoding the superoxide dismutase is the cDNA of. 
Cu-Zn human superoxide^ dismutase. 

5- A cell according to claim 4, wherein the DNA se- 
quence encoding superoxide dismutase is. joined to a 
SV40 early promoter. 

6. A cell according to claim 5,. wherein, the plasmid is 
pniSV2-S0D-Neo- having the: restriction map shown in FIG. 
1. 

7. A cell according to claim 2, wherein the DNA se- 
quence encoding the superoxide dismutase is derived 
from a fragment of human genomic DNA containing the 
Cu-Zn human superoxide dismutase gene, 

8. A cell according to claim T, wherein the DNA se- 
quence encoding superoxide dismutase is regulated by 
the native regulatory elements of human genomic Cu-2n 
superoxide dismutase. 
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9. A cell according to claim 8, wherein the plasraid is 
pHG-<SOD-S^-Neo having the restriction map shown in FIG. 
2. 

5 10. A cell according to claim 1, wherein the cell is a 
a mammalian cell, 

11. A cell according to claim 10, wherein the cell is 
a human HeLa cell. 

10 ' ■ 

12. A cell according to claim 10, wherein the cell is 
a mouse L cell. 

13.. A. cell, according to claim 1, wherein the cell is a 
1 5 plant cell^ 

14. A cell according to claim 1, wherein the cell is 
capable of producing Cu-2n human superoxide dismutase 
or an analjcjg thereof. 

20 

15. A clone of the cell of claim 1. 

16. A cell line obtained from the cell of claim 1. 

25 17. A cell according to claim 1, wherein the cell is 
resistant to paraquat. 

18. A-method for. producing superoxide dismutase which 
comprises growing the cell of claim 1 in a suitable 
30 medium under suitable conditions permitting production 
of the superoxide dismutase or an analog thereof and 
recovering the resulting superoxide dismutase or ana- 
log thereof. 



-32- 



021 3628 



19. Superoxide dismutase or an analog thereof produced 
by the method of claim 18. 

20. cu-zn human superoxide dismutase or an analoq 
; thereof produced ty the method of claim 18. 

21. superoxide dismutase or an analog thereof produced 
fcy the method of claim 18 having the activity of natu- 
rally occurring superoxide dismutase. 

22. A composition comprising superoxide dismutase or 
an analog thereof in accordance with claim 21 and a 
suitable carrier. 

23. A cell according to claim 1, wherein the DNA se- 
quence encoding superoxide dismutase is. pro grama bly ^ 
expressed. ' ■ 

24. A cell according to claim 23, wherein the cell has " 
been transformed with a plasmid comprising a mA se- 
quence encoding superoxide dismutase joined to an in- 
ducible promoter. 

25. A cell according to claim 2 4, .wherein the induc- 
ible promoter is the mouse mammary tumor virus (MMTV) 
promoter. ' 

26. A cell according to claim 25, wherein the plasmid 
IS PSV-H.CSOD having the restriction map shown in FIG. 



27. A, cell in which- a DNA sequence encoding anti-sense 
superoxide dismutase roRNA is expressed. 
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28, A cell according to claim 27, wherein the DNA 
sequence encodes anti-sense human Cu-Zn superoxide 
disrautase mRNA. 

5 29. A cell according to claim 2 8, wherein the cell has 
been transformed with the plasmid pmSV2- Ant i-SOD-gpt , 
having the restriction map shown in FIG. 5. 
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30. A cell in which a DNA sequence encoding superoxide 
dismutase and a DNA sequence encoding anti-sense 
superoxide dismutase mRNA are expressed. 
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FIGURE 1 
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FIGURE 3 
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FIGURE 4 
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